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Abstract Mutualisms between invasive ants and
honeydew-producing Hemiptera have the potential to
result in unusually high population levels of both
partners, with subsequent major changes to ecosys-
tem composition and dynamics. We assessed the
relationship between the invasive ant, Pheidole
megacephala, and its hemipteran mutualists, Dysmi-
coccus sp. and Pulvinaria urbicola, on Cousine
Island, Seychelles. We also assessed the impacts of
the mutualism on the condition of the hemipteran
host plant, Pisonia grandis, a native and functionally
important tree species. There was a strong positive
relationship between Ph. megacephala activity and
hemipteran abundance, and the exclusion of ants
from Pi. grandis resulted in a significant decline in
Pu. urbicola abundance. High abundance of the
mutualists was strongly associated with damage to
the Pi. grandis forest. This indicates that the mutu-
alism is contributing to the massive increase in the
population levels of the mutualist species, and is
intensifying their impacts on the island. The
widespread trophobiosis and its associated high
densities of mutualists pose serious threats to the
ecosystem, highlighting the need to control the ant
and associated hemipteran populations.
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Introduction
Positive interactions between introduced species can
be instrumental in their establishment and population
growth (Abbott and Green 2007; Simberloff and Von
Holle 1999) and can be major determinants of
their invasion success (Helms and Vinson 2003).
Trophobiosis between ants and honeydew-producing
Hemiptera is a prime example of a positive interac-
tion that can facilitate the success of the species
involved (Helms and Vinson 2003; Holway et al.
2002). These mutualisms involve the protection and
sanitation of Hemiptera in return for honeydew, a
carbohydrate-rich byproduct of hemipteran metabo-
lism, as a food source for the ants (Hölldobler and
Wilson 1990).
Studies on invasive ant-hemipteran mutualisms on
islands have demonstrated that these positive inter-
actions can lead to unusually high densities of the
mutualists (Abbott and Green 2007). This can cause
serious damage to the native communities (Handler
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et al. 2007; Hill et al. 2003; Smith et al. 2004),
sometimes affecting multiple trophic levels (O’Dowd
et al. 2003).
On Cousine Island, Seychelles, high densities of the
invasive African big-headed ant, Pheidole megacep-
hala, in association with alien hemipteran insects,
have been observed in certain parts of the island.
Furthermore, where hemipteran densities are high,
several indigenous tree species in the forest exhibit
symptoms of hemipteran damage. Among these trees
is Pisonia grandis, a functionally important species. It
is a significant nesting tree for the Lesser Noddy
(Anous tenuirostris) and White Tern (Gygis alba)
seabirds, which supply important endemic species
such as skinks (Mabuya spp.) with dropped food items
and the soil with nutrients (Samways et al. 2010a). It is
uncertain whether the hemipteran damage is the result
of direct feeding or the transmission of disease, but it
manifests as leaf distortion and shoot dieback, which
can seriously affect photosynthetic ability. This asso-
ciation is of concern for this highly protected and
restored island (Samways et al. 2010b), considering
the damage that trophobiotic relationships have caused
to forests on other islands (Handler et al. 2007; O’Neill
et al. 1997; Smith et al. 2004). As small islands are
particularly vulnerable to invasive species, there is
great urgency to determine the risk of this relationship
and to manage it accordingly. In the Seychelles, where
alien ants and Hemiptera are widely distributed yet
understudied, an evaluation of the impact of these
species is much needed. Our aim therefore was to
determine the strength of the association between
Ph. megacephala and its hemipteran mutualists and
to appraise the impact of high densities of the
mutualists on Pi. grandis tree condition.
Methods
Cousine Island is a small (27 ha) granitic island
situated in the Seychelles archipelago at 42004100S
and 553804400E. Hemipteran species tended by
Ph. megacephala included Dysmicoccus sp. and
Pulvinaria urbicola, both of which are alien, cosmo-
politan species (Ben-Dov 2006). The indigenous tree,
Pi. grandis, is being increasingly impacted by
Dysmicoccus sp. and Pu. urbicola. Our study there-
fore focused on this ant/hemipteran/tree interaction
for quantitative assessments.
Forty 10 m 9 10 m sampling units (SU) were
selected to include areas with various levels of Ph. mega-
cephala activity. Within each SU, we measured
Ph. megacephala activity, assessed the abundance of
Dysmicoccus sp. and Pu. urbicola, and assessed leaf
damage to Pi. grandis trees. Each SU was sampled
once in the period 23 Sept–1 Oct 2008, and again
during 6 Oct–15 Oct 2008. Ant activity was quantified
by measuring ant traffic along Pi. grandis tree trunks
with a diameter of[20 cm. The tree with highest ant
activity within the SU was selected to standardize
counts between SUs. The number of ants in the high
density zone moving in one direction across a 4 cm line
was counted for 30 s. The mean of three counts at
different heights on the trunk was used for analyses. All
ant traffic assessments were done between 06:30 and
10:00 for comparability, as ant activity can vary
considerably at different times of day. Hemiptera
abundance was quantified by assigning abundance
scores to ten shoots per SU. Scores were assigned as
follows: 0 = no hemipterans, 1 = 1–10 hemipterans,
2 = one cluster of more than 10 hemipterans, 3 =
numerous clusters of more than 10 hemipterans,
4 = extensive clusters of hemipterans. These categories
were chosen subjectively, based on previous observa-
tions on the variation in hemipteran abundance on
Pi. grandis on the island. For leaf damage assessments,
ten shoots per SU were each assigned a leaf damage
score based on distortion and dieback. Damage was
assigned as follows: 0 = leaves are undamaged with no
distortion, 1 = 25% of leaves with slight distortion, 2 =
50% of leaves distorted, 3 = 75% of leaves distorted,
4 = 100% of leaves distorted and severe shoot dieback.
An experiment was also conducted, in May–July
2010, to determine the effect of Ph. megacephala
tending on the survival of Pu. urbicola. Eight
Pi. grandis trees with high levels of Pu. urbicola were
selected in 1 ha of high Ph. megacephala activity,
where ant workers were actively tending hemipterans.
Two branches were selected per tree and three random
leaves were selected per branch. Pu. urbicola individ-
uals were counted on the underside of leaves using a
10 9 hand lens. Ants were then excluded from one
branch per tree by applying commercial vehicle grease
around the base of each branch. Trees were checked
periodically to ensure that ants did not gain access to
hemipterans on greased branches. Hemipteran abun-
dance was reassessed on the same branches 6 weeks
later.
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Data from SUs were pooled for the two sampling
periods in 2008 and averages of SU’s were used in
analyses. To assess the relationship between
Ph. megacephala activity, hemipteran abundance
and leaf damage, Spearman rank correlations were
performed on these parameters. Non-parametric tests
were used, as the data did not satisfy parametric
assumptions. A general linear model was used to
determine if the exclusion of Ph. megacephala from
Pi. grandis leaves had an effect on Pu. urbicola
abundance. Repeated measures ANOVA was per-
formed in two directions on Pu. urbicola abundance
data, as abundance on ant excluded and control
branches on the same tree were correlated. Bonferroni
post hoc tests were performed to detect significant
pairwise differences.
Results
Ph. megacephala activity was strongly positively
correlated with Dysmicoccus sp. abundance (rs =
0.67, P \ 0.05) and Pu. urbicola abundance (rs =
0.79, P \ 0.05) (Fig. 1). The abundance of both
hemipterans was also positively correlated with
damage to Pi. grandis (Dysmicoccus sp. rs =
0.92, P \ 0.05) (Pu. urbicola rs = 0.49, P \ 0.05)
(Fig. 2). Ph. megacephala activity had a significant
positive relationship to Pi. grandis leaf damage
(rs = 0.67, P \ 0.05).
There was a significant effect of Ph. megacephala
exclusion on Pu. urbicola abundance (F1,7 = 7.99,
P = 0.026). On ant excluded branches, Pu. urbicola
declined significantly from a mean of 133.45 ±
24.45 individuals per leaf to 35.50 ± 12.21 indi-
viduals per leaf (P = 0.016). On control branches,
Pu. urbicola declined slightly, but non-signifi-
cantly from 131.29 ± 23.19 individuals per leaf to
119.83 ± 40.14 individuals per leaf.
Discussion
Our results show that the mutualisms contribute to an
increase in the abundance of Ph. megacephala and the
hemipteran species Dysmicoccus sp. and Pu. urbicola,
and intensify their impacts on Pi. grandis trees on the
island. The mechanism whereby the mutualism ben-
efits both groups has yet to be tested for in this system.
However, Ph. megacephala is known to disrupt the
searching behaviour of natural enemies of hemipterans
(González-Hernández et al. 1999), to fend off preda-
tors (Bach 1991), and to prevent the accumulation of
excess honeydew (Bach 1991), thereby lowering the
mortality rate of its hemipteran mutualists. The decline
of Pu. urbicola in the absence of Ph. megacephala in
our exclusion experiment supports the assumption that
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Fig. 1 Correlation of Pheidole megacephala activity and
Pulvinaria urbicola/Dysmicoccus sp. abundance scores. The
solid trendline represents the correlation between Ph. mega-
cephala and Pu. urbicola, while the dotted line represents the
























Fig. 2 Correlation of Pulvinaria urbicola/Dysmicoccus sp.
abundance and Pisonia grandis leaf damage scores. The solid
trendline represents the correlation of Pu. urbicola and leaf
damage scores, while the dotted line represents Dysmicoccus
sp. and leaf damage score correlation
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Few studies have tested empirically how these
mutualisms promote the growth of ant populations
(Lach et al. 2009). However, it has been demon-
strated that carbohydrates can fuel foraging activities
(Davidson 1998) and can increase Ph. megacephala
worker survival (Lach et al. 2009), thereby favouring
ant population growth. Helms and Vinson (2008)
provide evidence of significantly higher population
growth of invasive fire ants reared on a diet of
honeydew and insect prey, as opposed to insect prey
only. In addition, correlative evidence for increased
ant densities in the presence of hemipteran mutualists
is ample (e.g. Abbott and Green 2007; Helms and
Vinson 2003; O’Dowd et al. 2003), and our data are
consistent with these findings.
The effects of ant-hemipteran mutualisms on host
plant health can vary considerably between different
systems (Styrsky and Eubanks 2007). In this study,
the mutualism led to a decline in Pi. grandis
condition. This is of considerable importance, as the
impact of the Ph. megacephala-hemipteran mutual-
ism on the Pi. grandis forest is a phenomenon that
mirrors the situation on other island ecosystems,
many of which have undergone rapid forest decline.
On the Palmyra Atoll in the Pacific Line Islands, high
densities of Pu. urbicola, tended by Ph. megacepha-
la, caused defoliation and death of a large number of
Pi. grandis trees, with a 30% loss of forested area
between 2002 and 2005 (Handler et al. 2007). Exactly
the same ant-hemipteran association led to an 87%
loss of Pi. grandis forest on Tryon Island in the
Capricorn Cays (O’Neill et al. 1997). On the Coringa
Islet in the Coringa-Herald National Nature Reserve,
Pi. grandis forests were completely destroyed by
Ph. megacephala-driven scale outbreaks, consider-
ably altering vegetation structure (Smith et al. 2004).
Pi. grandis forests are structurally and functionally
very important to these island ecosystems, providing
nesting and roosting habitat for a range of seabirds,
regulating understorey vegetation structure and as a
valuable source of organic material (Handler et al.
2007; Smith et al. 2004). As Pi. grandis stands are
rare and declining in their native range (Kay et al.
2003), and as they are threatened in the Seychelles
(Samways et al. 2010b), their conservation is of great
importance.
Our study affirms that the control of these invasive
insects should be of the highest priority. The
species surveyed on Cousine are distributed widely
throughout the tropics and occur on many of the
Western Indian Ocean islands (Fisher and Snelling
2010; Ben-Dov 2006). Yet, little research has been
done on their impact in these regions. Increased
documentation of the impacts of these invasives will
help raise awareness of the threat that these species
pose to island ecosystems in general, and empha-
sizes the urgent need to integrate their control into
conservation management strategies.
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